Women who are diagnosed with breast cancer often self-administer complementary and alternative medicines to augment their conventional treatments, improve health, or prevent recurrence. Flor-Essence® herbal tonic is a complex mixture of eight herbal extracts used by cancer patients because of anecdotal evidence that it can treat or prevent disease. In this study four experimental groups of female MMTV-Neu mice were left untreated or treated with 3% FlorEssence® in utero, from birth until 5 weeks of age, or throughout their lifetime. Palpable mammary tumor incidence and body weight was determined weekly for each group. The mice were sacrificed at 28 weeks of age and mammary tumors were enumerated to determine average tumor incidence and multiplicity for each group. Female mice exposed to Flor-Essence® herbal tonic in utero weighed significantly more than the control group (p < 0.001). The average tumor incidence and tumor multiplicity in the experimental mice treated with Flor-Essence® herbal tonic did not differ from the control animals. Flor-Essence® does not inhibit mammary tumor incidence or mammary tumor multiplicity in MMTV-Neu transgenic mice. Flor-Essence® exposure in utero causes increased body weight in experimental animals. This conclusion challenges widely available anecdotal information as well as the hopes of the consumer that this product will inhibit or suppress tumor development.
INTRODUCTION
There are reports of herbal tonics being used to treat breast cancer that date back to the 1920's (Kaegi, 1998; Olsen, 1998; Percival, 1994; Snow and Klein, 2001; Tamayo et al., 2000 ; University of Texas, 2008) . There are no epidemiologic data available, and little scientific evidence to support their use as a complementary and alternative medicine (CAM). In addition, there is a serious lack of information about the safety, efficacy, or potential drug interactions of these widely-available tonics. One particular tonic, Flor-Essence® herbal tonic, is marketed as a dietary supplement and is widely used by women who have been diagnosed with breast cancer in an effort to treat disease as well as to prevent recurrence . Information about product use is largely gained from word of mouth and from the internet. A survey of health food stores reported that twenty-six percent recommended one cup of Flor-Essence® daily to treat breast cancer (Mills et al., 2003) .
Flor-Essence® herbal tonic is a complex mixture of eight herbal extracts: burdock root (Arctium lappa), sheep sorrel (Rumex acetosella), slippery elm (Ulmus rubra), Turkish rhubarb (Rheum palmatum), watercress (Nasturtium officinale), blessed thistle (Cnicus benedictus), red clover (Trifolium pratense), and kelp (Laminaria digitata) Tamayo et al., 2000) . Essiac® is a similar herbal tonic consisting of four of the eight herbal extracts found in Flor-Essence®: burdock root (Arctium lappa), sheep sorrel (Rumex acetosella), slippery elm (Ulmus rubra), and Turkish rhubarb (Rheum palmatum) . Scientific information to support or refute the claims that the herbal extracts found in Flor-Essence® act synergistically to promote human health is lacking. Understanding the effects of Flor-Essence® through rigorous scientific examination is critical for physicians, patients, and health care providers to make informed decisions about the use of CAMs. Recently, several reports have been published in the scientific literature that begin to investigate the impact of Flor-Essence® and Essiac® herbal tonics in mutagenicity assays, using cells in culture, and animal models Felton et al., 2004; Ottenweller et al., 2004; Tai et al., 2004) .
We previously published the first report of the effect of Flor-Essence® exposure on the mammary gland in an animal model. We demonstrated that FlorEssence® herbal tonic promotes DMBA-initiated mammary tumors in the Sprague Dawley rat model, a hormonally sensitive animal model for breast cancer . In order to complement and extend this initial investigation, we designed a study to evaluate Flor-Essence® in an animal model that develops mammary tumors that are not hormonally responsive.
In the current study, the effect of Flor-Essence® herbal tonic administration on mammary tumor development in the MMTV-Neu transgenic mouse was investigated. Tumors in the MMTV-Neu mouse strain develop spontaneously due to the presence of Neu oncogene expression in the mammary gland and are estrogen receptor negative (Muller et al., 1988) . This model is particularly relevant because approximately 5-55% of human breast tumors over express the Her-2/Neu oncogene (Esteva et al., 2005; Hynes and Stern, 1994; Revillion et al., 1998) . Several studies have shown that patients whose breast tumors over express Her-2/Neu have reduced survival and an increased risk of metastasis compared to patients whose tumors do not over express Her-2/Neu (Esteva et al., 2005; Miles, 2001; Olayioye, 2001; Sahin, 2000) . Because it has been documented that cancer patients do turn to CAM , understanding the effect of Flor-Essence® on these tumors may help physicians counsel patients with Her-2/Neu over-expressing tumors.
We report here that Flor-Essence® herbal tonic does not inhibit mammary tumor incidence or reduce multiplicity compared to untreated mice in the MMTVNeu mouse model. Although Flor-Essence® treatment does not influence mammary tumor development in this mouse model; it did have a significant impact on body weight when female mice were exposed in utero.
METHODS

ANIMALS
Female and male MMTV-Neu mice were purchased from Jackson Laboratory, (Bar Harbor, ME) and a license was obtained from DuPont to breed the mice in the Lawrence Livermore National Laboratory (LLNL) animal care facility to generate the experimental animals. Adult mice were housed four per cage. The animals were maintained in a temperature and humidity controlled room, with a 12-hr dark/light cycle. The rodents were provided an AIN-76A diet (Research Diets, New Brunswick, NJ) as previously described by Lamartiniere (1995) . Mice had access to food and liquid ad libitum. Flor-Essence® herbal tonic was administered in the drinking water. The care of the animals was in accord with the LLNL Institutional Animal Care and Use Committee (IACUC) committee guidelines.
The male progeny were identified at weaning and euthanized in accordance with the SOP for rodent euthanasia as required by the LLNL IACUC and consistent with the recommendation from the Panel on Euthanasia of the American Veterinary Medical Association for animal euthanasia.
FLOR-ESSENCE® ADMINISTRATION
Female offspring were randomly assigned to four experimental groups of approximately 40 animals each. On the day of birth, the dams whose offspring were assigned to the control group received only water. The dams of the offspring assigned to the pre-weanling or lifetime exposure treatment groups received 3% Flor-Essence® as their sole drinking source, beginning on the day they gave birth. The offspring were weaned at approximately 24 days. The pre-weanling exposure group was maintained on 3% Flor-Essence® until 5 weeks of age while the lifetime group was maintained on 3% Flor-Essence® as their sole drinking source until the termination of the study (28 weeks of age). The dams that gave rise to the females included in the in utero exposure group were administered 3% FlorEssence® as their sole drinking source until the day of delivery at which time water became the sole drinking source.
Flor-Essence® herbal tonic (Flora Manufacturing and Distributing Ltd., B.C., Canada) was purchased in 500 ml bottles as a pre-prepared and sterile formulation from a local health food store. Flor-Essence® herbal tonic was administered to rodents in their drinking water as 3% solutions and was readily accepted Rogers et al., 1998; Xu et al., 1992; Zhang et al., 2000) . The dose of 3% was originally selected based on the recommendation of a popular natural health proponent for cancer patients to consume 2 fl oz of FlorEssence® three times per day (Whitaker, 1995) . This was also the dose used in the Sprague Dawley rat study , making cross-study comparison possible.
TUMOR DEVELOPMENT AND BODY WEIGHT
All mice were uniquely identified. Beginning at weaning, the mice were examined for palpable mammary tumors and were weighed weekly. The mice were sacrificed at 28 weeks of age, when tumors had grown larger than 1 cm, or when moribund. At the time of terminal sacrifice, the animals were weighed and the mammary tumors enumerated. The tumors were dissected from their pelts; their locations and measurements recorded. Any tumor measuring greater than 0.5 cm in diameter was weighed after dissection. To confirm tumor type, routine histopathology was performed on tumors from control and treated groups and a veterinary pathologist diagnosed the tumors.
STATISTICAL ANALYSIS
The Kaplan-Meier method was used to compare the probability of developing a mammary tumor over time for the four experimental groups (Kaplan and Meier, 1958) . The statistical significance among Kaplan-Meier curves was determined by the Mantel-Haenszel method (Mantel, 1966) . The fractions of mice with palpable mammary tumor development were compared among the four groups, overall, at each weekly time point, using Mehta's modification of Fisher's exact test (Mehta and Patel, 1983) . Mammary tumor incidence and multiplicity were determined from the data collected at sacrifice. The number of tumors at sacrifice was compared among the four experimental groups using a Kruskal-Wallis test. In addition, mammary tumor multiplicity was compared between each of the three Flor-Essence® treated groups and the untreated group using a Wilcoxon rank sum test. The incidences overall were compared using Mehta's version of Fisher's exact test (Mehta and Patel, 1983) , while individual comparisons of incidence between controls and each of the other three treatment arms were done using Fisher's exact test. To determine if there were differences in overall weight, a repeated measures analysis of variance model, with polynomial transformation, was used.
RESULTS
MAMMARY TUMOR DEVELOPMENT
Palpable mammary tumor incidence was determined weekly for each experimental group beginning at weaning until the end of the study (Figure 1 ). The first palpable mammary tumors were detected in the control mice at 23 weeks of age. For those groups receiving Flor-Essence®, the lifetime group, preweanling group, and group treated in utero developed their first palpable mammary tumors at 20, 19, and 22 weeks, respectively. There was no significant difference in time to palpable tumor (p = 0.47 for global comparison), and no statistical evidence for a difference at each week in the probability of having mammary tumors among the four groups (all p > 0.20, except for p = 0.044 at 27 weeks, which would not be considered statistically significant in view of the multiple comparisons performed).
MAMMARY TUMOR INCIDENCE AND MULTIPLICITY
The terminal necropsy was performed when the mice were 28 weeks of age or when the tumor burden became too great. The mammary tumor incidence values observed at the final necropsy in the control, pre-weanling, lifetime, and in utero exposure Flor-Essence® groups were 95%, 94%, 100%, and 97%, respectively and differed from palpable mammary tumor incidence because not all tumors visible at necropsy could be palpated (Table 1) . There was no difference in tumor incidence between the untreated and Flor-Essence® treated mice (p = 0.68 among all 4 groups; p ≥ 0.50 for comparison of untreated vs. each group of FlorEssence® treated mice).
Figure 1: Palpable mammary tumor incidence in control compared to FlorEssence® treated mice. Control (diamond), lifetime treatment (circle), preweanling treatment (triangle), and in utero treatment (square) were palpated weekly, beginning at weaning, for the presence of mammary tumors. All mice were uniquely identified. At the end of the study, mammary tumor multiplicity in the control and experimental groups consuming Flor-Essence® was determined (Table 1) . Whereas the control group had a mean (± SEM) of 6.6 (± 0.8) tumors per animal, the lifetime, pre-weanling, and in utero treated groups had means of 5.2 (± 0.7), 6.7 (± 0.8), and 7.6 (± 0.8), respectively. Mammary tumor multiplicity among the four groups was not statistically different (p = 0.18 comparing all 4 groups; p > 0.20 for comparison of untreated vs. each group of Flor-Essence® treated mice).
Mammary tumors were randomly selected from the experimental groups for histological analysis. As expected, all mammary tumors examined from the four groups were diagnosed as adenocarcinomas. 
BODY WEIGHT
The body weight of all mice after weaning was documented weekly throughout the study. The mean body weight for the animals treated with Flor-Essence® in utero was greater at every time point examined compared to the control and the groups treated with herbal tonic throughout their lifetime or as pre-weanlings (Figure 2) . The group exposed to Flor-Essence® in utero was significantly heavier than the animals in the control group over all measured weeks (p = 0.0008 by repeated measures analysis of variance). The groups that were treated throughout their lifetime or as pre-weanling were not statistically different from the control animals (each p > 0.50).
CONCLUSIONS
This study demonstrates that Flor-Essence® herbal tonic does not inhibit the development of mammary tumors in the MMTV-Neu transgenic mouse. This finding is contrary to the hopes of many individuals who are purchasing this product, largely on advice from friends and family, to treat their own cancer . The results presented in this report represent new sciencebased information that will contribute to a very meager scientific literature base for this tonic. This is the first report describing the effect of this tonic in a Her-2/Neu animal model for human breast cancer. Over expression of Her-2/Neu occurs in approximately 5-55% of human breast cancer cases (Esteva et al., 2005; Hynes and Stern, 1994; Revillion et al., 1998) . The conclusions from this study will contribute science based information that can be used to make informed decisions about the use of CAM for cancer treatment and prevention.
The MMTV-Neu mouse was developed as a model for human Her2/Neu breast cancer and the mammary tumors that spontaneously develop in this mouse are estrogen receptor negative (Guy et al., 1992; Hewitt et al., 2002; Muller et al., 1988) . Our results suggest that Flor-Essence® does not promote the estrogen receptor negative tumors that develop in this model system. These results contrast our previous study using the Sprague Dawley rat where lifetime exposure to FlorEssence® resulted in the promotion of DMBA-induced mammary tumors . Mammary tumors that develop in DMBA treated rats are estrogen sensitive. This molecular phenotype may play a role in the difference in effect observed between these studies.
The effect of Flor-Essence® and Essiac® on the proliferation of cells in vitro has been studied by us and by others. Tai et al. (2004) demonstrated that these tonics induce proliferation at the lower doses of 1% and 2% in the estrogen receptor positive human breast cell line MCF-7 while at higher concentrations of 5% and 10% they have an anti-proliferative effect. When they treated the estrogen receptor-negative cell line MDA-MB-468 in a similar manner, they observed weak growth inhibition at all concentrations of Essiac® and at 1% and 2% concentrations of Flor-Essence®. The higher concentrations (5% and 10%) of Flor-Essence® caused a marked growth inhibition. Ottenweller et al. (2004) exposed the prostate cell line LNCaP to concentrations of Essiac® that ranged from 5% to 30% and observed growth inhibition at each condition tested compared to controls. We have performed a series of in vitro studies wherein we exposed several different human breast cell lines that varied in estrogen receptor status to Flor-Essence® or Essiac® (Kulp et al., 2006) . Using a different methodology than those described for the studies of Ottenweller et al. (2004) and Tai et al. (2004) , we depleted our systems of estrogen prior to experimentation. Using this approach, we observed that concentrations of Flor-Essence® and Essiac® ranging from 1% to 8% were capable of inducing proliferation of both estrogen receptor positive and estrogen receptor negative cell lines whereas 16% was growth inhibitory and 32% was cytotoxic. In addition we performed transcriptional activation assays and demonstrated that both tonics induced reporter activity by direct interaction with the estrogen receptor (Kulp et al., 2006) .
The in vivo results presented here, in combination with the in vitro results provide valuable insight into the possible mechanisms by which Flor-Essence® may be affecting tumor development. Our results suggest that the estrogen-like components of Flor-Essence®, detected in the in vitro studies, play a role in the promotion of hormone-responsive mammary tumors in the Sprague Dawley rat. Several of the herbs in this tonic have estrogenic activity including red clover (Trifolium pratense), sheep sorrel (Rumex acetosella), and burdock root (Arctium lappa) (Burdette et al., 2002; Tamayo et al., 2000) . More specifically, genistein, present in several of the tonic's constituent components, has been shown to modulate mammary tumor development in several studies (Bouker and HilakiviClarke, 2000; Constantinou et al., 1998; Fritz et al., 1998; Hilakivi-Clarke et al., 1999a; Hilakivi-Clarke et al., 1999b; Lamartiniere, 1995; Lamartiniere, 2000; Murrill et al., 1996) . In contrast, the estrogen-independent growth promoting effects we observed in vitro do not contribute to significant changes in tumor cell growth in the MMTV-Neu mouse model (Kulp et al., 2006) .
In this study Flor-Essence® exposure in utero resulted in a significant increase in average body weight relative to controls. There were no observable differences in overall health or behavior of the adults in the in utero exposed group compared to controls. In a study suggesting that genistein acts as an estrogen in utero, the offspring of CD-1 outbred mice exposed to genistein during gestation demonstrated an accelerated weight gain (Nikaido et al., 2004) . In these same mice, offspring of mice exposed during gestation to resveratrol (RES), zearalenone (ZEA), bisphenol (BPA), or diethylstilbestrol (DES), other compounds known to have estrogenic activity, were also shown to have an accelerated weight gain by 16 weeks of age. Offspring of Sprague Dawley rats exposed during gestation to BPA were observed to have an increased body weight soon after birth (Rubin et al., 2001) . Kaijser et al. (2000) reported a strong positive association in women between total maternal estriol levels during pregnancy and newborn birth weight. Given the shown estrogenic effects of FlorEssence®, our results are consistent with the results seen with in utero exposure to estrogenic compounds.
The combination of these in vitro and in vivo results provide valuable information for the individual considering self-administering Flor-Essence® herbal tonic. The results from several assay systems suggest that Flor-Essence® does not inhibit mammary tumor development. It is critical that scientific information exist and be made available about the effect of herbal tonics on normal and neoplastic mammary gland growth and development. This information will contribute to a scientific peer-reviewed literature base that will support informed decision-making regarding use.
